Summary The health burden and mortality caused by infections during childhood remain large in sub-Saharan Africa. We performed a review of the causes of hospitalization and death among children admitted to a pediatric teaching hospital in Bamako, Mali. Medical records of children admitted throughout 2000 were systematically sampled and abstracted for demographics, diagnosis, hospital course, and disposition. A sample of 1644 charts, from 5001 admitted children, were abstracted. The median age was 8 months. Half of the children had a febrile illness. All diagnoses were made clinically. The annual incidence per 100 000 and case fatality rates of the four most common serious infections, excluding malaria, were as follows: pneumonia, 165 (12 per cent); sepsis, 75 (37 per cent); meningitis, 71 (20 per cent); and enteric fever, 14 (12 per cent). An estimated 1300 children were admitted with thick-smear confirmed malaria; at least 64 per cent met World Health Organization criteria for severe malaria and 11 per cent died. Seventy-one per cent of admissions were due to infections. Overall 21 per cent of children admitted died in the hospital, most within the first 3 days of admission. Infectious diseases remain the primary cause of hospitalization among Malian children and frequently lead to death. A substantial proportion of this morbidity and mortality is probably attributable to vaccine-preventable diseases, such as Haemophilus influenzae type B, Streptococcus pneumoniae, and Neisseria meningitidis. Prospective surveillance using microbiological data is needed to delineate the organism-specific burdens.
limited resources to perform diagnostic laboratory tests.
In preparation for a comprehensive prospective investigation of invasive bacterial infections in hospitalized children in Bamako, we performed this retrospective review of a systematic sample of all admissions to the children's hospital. Our primary aim was to estimate the frequency of admission diagnostic categories by age, gender, and geographic strata and the case fatality rates for these diagnoses.
Materials and Methods
A systematic sampling of charts documenting the inpatient course of all children from birth to 15 years of age, admitted to HGT from the community during the calendar year 2000, were selected for abstraction. These included admissions to each of the four wards and the intensive care unit. All charts of children admitted on calendar days 1, 4, 7, 10, 13, 16, 19, 22, 25, and 28 in each month were chosen for abstraction. The admission registration log was used to identify the available charts. Malian physicians-in-training were educated on proper chart abstraction, explicit variable functions, and the use of a standard data collection form.
Variables collected during abstraction included general demographic information, admission and discharge diagnosis with supportive data for these diagnoses, length of stay and disposition at discharge, prior antibiotic use, and data related to fever. The diagnoses recorded were those clinically suspected by the admitting physician. When possible, World Health Organization (WHO) case definitions were applied for severe malaria, acute watery and acute bloody diarrhea, and acute respiratory infection (ARI).
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Two investigators (JDC, SOS) performed audits of the chart abstraction for accuracy and completeness. All data were entered into an Epi-Info 6.4 database for analysis. Data on the population statistics of Bamako were taken from the offical Republic of Mali 2000 census. In the city of Bamako, there were 533 761 children aged 0-15 years: 44 480 under the age of 1 year; 155 680 from 1 to 4 years; and 333 601 from 5 to 15 years. Proportions and rates are reported as point estimates. Comparisons of proportions were performed using a two-side 2 test with p < 0.05 considered significant. Minimal incidence rates were calculated as the annual frequency of an event per the at-risk sample size as determined from the census.
The Institutional Review Boards at both the University of Maryland School of Medicine and the University of Mali National School of Medicine, Dentistry, and Pharmacy approved this study and participant identity was kept confidential.
Results

Demographics
Five thousand and one children were admitted to HGT in 2000. Of the 1680 eligible charts, investigators were unable to locate 36 (2.1 per cent); the remaining 1644 charts were abstracted. Fifty-six per cent of admissions occurred in children under 1 year of age and 33 per cent occurred in children 4 weeks old or younger. The median age at admission was 8 months. Males represented 58 per cent of the admissions. Eighty-one per cent of inpatients came from within the Bamako city limits, and the six communes of Bamako each represented 10-25 per cent of the admission sample. Most children from outside Bamako lived in the adjacent region of Koulikoro.
Diagnoses
Admissions to pediatric hospital occurred most commonly among children under 1 year of age with an incidence of 5345 admissions per 100 000 children per year. In all age strata, boys were admitted more commonly than girls.
Fever. Forty-nine per cent of the children (811/1644) were admitted for a febrile illness defined as either tactile fever or measured temperature of 38°C or greater. Thirty per cent of admitted children (501/1644) had recorded temperatures of 39°C or greater. Physicians did not routinely record temperatures in the medical records of children admitted without a history of fever and therefore only 47 per cent of admissions ever had a temperature recorded. All temperatures were taken by the axillary route.
Suspected invasive bacterial illness. Since at the time of the study a microbiology laboratory did not exist in HGT, physicians were unable to make culture-confirmed diagnoses of bacterial illness. Frequencies of disease were therefore based purely on clinical grounds. Invasive bacterial illnesses, such as pneumonia, sepsis, meningitis, and enteric fever, were diagnosed on admission in one-third of the children admitted; pneumonia was the most common suspected bacterial illness (n = 289). In fact, nearly 1 per cent (998 per 100 000) of all Bamako children under the age of 1 year are admitted annually for acute respiratory infections. Cellulitis was diagnosed in 20 children, empyema in 11, septic arthritis in four, and pyomyositis in three. The highest incidence of invasive bacterial diseases occurred in children under 1 year of age, except for typhoid fever, recorded most commonly in children aged 5-15 years. Pneumonia was confirmed by chest radiograph in 229 (79 per cent) of clinically diagnosed cases. The 123 clinical diagnoses of meningitis were supported by evidence in the laboratory as follows: 57 latex agglutinins, 46 Gram stains, and 21 'visual' diagnoses (via Malaria. Half of all admissions received the clinical diagnosis of malaria, although only 52 per cent of the suspected malaria cases were confirmed by blood smear. Of the thick smear-confirmed cases, 64 per cent were considered severe by the WHO definition. This proportion is potentially underestimated since all of the data necessary to fulfill the criteria for grading the cases was not documented in 21 per cent of the medical records of children with malaria. Among children admitted with parasitemia confirmed by a thick smear, 23 per cent also had a simultaneous clinical diagnosis of invasive bacterial illness (13 per cent with pneumonia, 8 per cent with meningitis, and 2 per cent with other diagnoses). Smear-positive malaria was more commonly diagnosed in the rainy season: 63 per cent of cases occurring from July to November (mean of 1.8 cases/day) and only 37 per cent from December to June (mean of 0.7 cases/day). The overall annual incidence of smear-positive malaria among hospitalized children aged 0-15 years living in Bamako is 189 cases per 100 000.
Diarrhea. Nearly one-fifth of admitted children had diarrhea, with a similar frequency of watery and dysenteric stools (defined as bloody, mucoid, or both). Diarrhea was commonly reported together with other diagnoses on admission. The annual incidence of admissions for diarrhea in infants was approximately five times the incidence in preschoolaged children and 50 times the incidence found in school-aged children. Children admitted with diarrhea were intravenously rehydrated in 80 per cent of the cases; this proportion was the same for children with watery and dysenteric stools. No culture results were recorded for any stools.
Typhoid. Enteric fever was the suspected diagnosis in 25 children, most commonly in 5-15-year-olds with unexplained fever. No cases were confirmed by culture. Cases came primarily from children living in the city of Bamako. Seven cases occurred in a single commune, and the annual incidence among the six communes ranged from 6 to 21 per 100 000 children aged 15 years and younger. No more than three suspected typhoid cases among the reviewed charts originated from any single quartier.
Other diagnoses. Other infectious etiologies for admission included 32 cases of hepatitis, nine cases of HIV-associated illnesses, two urinary tract infections, and two cases of tuberculosis. The most common noninfectious causes for admission included congenital disorders, hematologic disturbances, malnutrition, and perinatal complications (Table 2) .
Hospital course and disposition
Length of stay Seventy-four per cent of children remained in the hospital for less than 7 days, and 10 per cent for 24 h or less. Of those who survived hospitalization, only 3.4 per cent were admitted for 24 h or less. The percentage of deaths among hospitalized children that occurred within the first 24, 48, and 72 h were 40, 68, and 78 per cent respectively.
Case fatality rate. Three hundred and forty-five of the 1644 (21 per cent) children whose charts were abstracted died while in the hospital (Table 1) . Case fatality rates (CFRs) were higher among girls than boys (p = 0.017) and higher among children with temperatures over 39.9°C than among febrile children with lower temperatures (p = 0.039). The highest CFRs were in the youngest children: 28 per cent for children under 1 year; 14 per cent for children 1-4 years old; and 10 per cent for children older than 4 years. The case fatality rate for children admitted with any of the serious infections for which we surveyed (suspected invasive bacterial illnesses, malaria, and diarrhea) was 16 per cent. Ninety-four per cent of deaths in children diagnosed with sepsis, 71 per cent of malaria deaths, 68 per cent of deaths in children with meningitis, and 52 per cent of deaths from pneumonia occurred in the first 72 h following admission. Deaths within the first 24 h of admission were as follows: 35 patients with a diagnosis of malaria, 18 with sepsis, 11 with diarrhea, 10 with pneumonia, and 20 with miscellaneous other diagnoses. Although death due to all causes showed no striking seasonality, deaths in children with smearpositive malaria were clustered in the wet months, with 69 per cent of deaths occurring from July to November. By far, the most common non-infectious causes of death were perinatal complications (Table 2) among children in Bamako, only 13 per cent and 1 per cent of all deaths in these age strata, repectively, occur in the hospital. The infant mortality rate in Mali currently exceeds that reported for US children in 1915 (100 per 1000 live births), 5 prior to the availability of antibiotics, immunization, and modern sanitation systems. The most common causes of death in hospitalized children in Bamako are infectious diseases: 50 per cent of all deaths and 78 per cent of all non-perinatal deaths were due to infection.
The age-specific incidence for hospitalization and for each diagnostic category, except typhoid fever, was highest in infants. remarkably, 5.3 per cent of children under the age of 1 year living in Bamako are hospitalized annually and approximately half of the admissions are due to presumed invasive bacterial illnesses. Although the clinical diseases could not be bacteriologically confirmed, the potential burden of bacterial illnesses due to vaccine-preventable causes can still be estimated. If one assumes that ~20 per cent of the pneumonias are due to Haemophilus influenzae type b 6,7 and ~40 per cent to Streptococcus pneumoniae 8 (of which ~80 per cent may be encapsulated with polysaccharides contained in a multivalent conjugate vaccine), 9 then approximately half of pneumonias are potentially preventable with the use of conjugate vaccines against these organisms. That is, of the 766 annual cases of pneumonia in hospitalized children who live in Bamako, 398 cases and 48 deaths may be preventable by the addition of conjugate vaccines against Hib and pneumococcus to the childhood vaccination schedule. For meningitis, an even higher proportion of children may be protected if conjugate vaccines against H. influenzae type b, S. pneumoniae, and Neisseria meningitidis were to be introduced. Of the expected 322 annual childhood meningitis cases in hospitalized children who live in Bamako, 307 cases and 74 deaths may be preventable following the addition of these vaccines to the childhood schedule.
This level of morbidity and mortality is occurring in the only pediatric specialty-care hospital in the country. HGT provides the most comprehensive pediatric care available in Mali. It is an academic center at which medical students are taught pediatrics and which houses more pediatricians than any other facility in the country. It also has more ancillary resources than any other urban inpatient facility in Mali and considerably more resources than any district or subdistrict medical-care facility. It is likely that mortality is even higher among children living outside Bamako, who have limited or no access to care. On the other hand, the occurrence of most deaths within the first 72 h after admission suggests that the children seeking care at HGT are severely ill and in that respect may overestimate the incidence of life-threatening diseases in Mali.
In addition to mortality, invasive bacterial diseases in children commonly lead to disabling sequelae in the survivors. A study in The Gambia showed that 48 per cent of hospitalized children with pneumococcal meningitis and 27 per cent with Hib meningitis died in the hospital. Among the survivors of pneumococcal meningitis, 58 per cent had continuing medical problems; half of those problems were severe, such as mental retardation, hearing loss, and motor disturbances. Following Hib meningitis, 38 per cent had sequelae and 10 per cent had severe long-term complications. 10 These chronic medical conditions put additional burdens on the medical system and on families, but are also vaccine-preventable.
Data collected retrospectively from the charts of children admitted to the hospital are inherently incomplete and determining definitive clinical or laboratory-confirmed diagnoses is difficult. The introduction of vaccines against invasive bacterial infections will require data on the burden of microbiologically confirmed diseases caused by Salmonella typhi, N. meningitidis, S. pneumoniae, and H. influenzae type b collected in carefully designed prospective studies. Such a study is now underway in HGT.
